POSITION DETECTING DEVICE AND POSITION DETECTING METHOD 



RELATED APPLICATIONS 
[0001] This application relates to and claims a prior- 

ity from corresponding Japanese Patent Application No. 
2000-253026 filed on August 23, 2000. 

BACKGROUND OF THE INVENTION 
[0002] Field of the Invention 

The present invention relates to an optical digi- 
tizer, and more particularly to an optical digitizer in 
which a structure thereof is made simple by eliminating. an 
A/D converter, an arithmetic processing circuit and a mem- 
ory circuit. 

[0003] Description of the Related Art 

Recently, a position detecting device is proposed, in 
which coordinates of a pointed position are calculated by 
the principle of triangulation so that angles of entering 
light from a position pointing device are detected at two 
positions using the light. Such position detecting device 
using the light is generally called an optical digitizer. 
In such system, a planer sensor for detecting coordinates 
is unnecessary and, from the viewpoint of principle, a 
pointed position of the position pointing device can be 
detected only by producing a film of light. Therefore, 
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specifically, where the optical digitizer is combined with 
such display device as a liquid crystal display, it does 
not influence a display performance of the display device, 
unlike a resistance film type input device used widely. 
Thus, attention is being focused on the optical digitizer 
as an interactive input device (in which input plane and 
output plane are unified) . 

[0004] In the optical position detecting device, there 

are roughly three systems of obtaining a light signal for 
detecting the position of the position pointing device. 
One is that an emitting element such as a Light Emitting 
Diode (LED) is provided to the position pointing device 
itself. Another is that a light source such as an LED is 
provided to an optical unit of the position detecting de- 
vice side, and a retroref lective member reflecting light 
therefrom is provided to the position pointing device. The 
other is that a light source is provided to an optical 
unit, a frame having a retroref lective member is provided 
to a peripheral portion of a position detecting surface of 
the position detecting device, and the position pointing 
device intercepts the light. Because the functions re- 
quired by each position pointing device of each system are 
different, in the present specification, the three systems 
are called a pointing device emitting system, a pointing 
device reflecting system, and a pointing device intercept- 



ing system, respectively. 

[0005] A system in which an optical unit does not have 
a light source, and a peripheral frame itself emits can 
also be thought of. However, it is generally difficult to 
obtain a linear emitting element having a uniform light 
emitting portion, so that a retroref lective system of a 
simple point-source light is used in many cases. In the 
present specification, the system in which the peripheral 
frame itself emits is also included in the pointing device 
intercepting system. 

[0006] The method of pointing device intercepting sys- 

tem is disclosed in the Japanese Patent Application Kokai 
Publication No. Sho 62-5428. In the pointing device re- 
flecting system, an example system in which a laser light 
beam is used as the light source, in which the light beam 
is scanned by a rotated mirror, and in which a single 
light receiving portion is used at a light receiving por- 
tion, is disclosed in the Japanese Patent Application Ko- 
kai Publication No. Hei 2-116917. Also, in the pointing 
device intercepting system, an example system in which a 
laser beam is used as a light source, and in which a poly- 
gon mirror and a single light receiving portion is used, 
is disclosed in the Japanese Patent Application Kokai Pub- 
lication No. Hei 11-85376. In the above systems using the 
scanning laser beam, the light receiving element is a sin- 



gle element, and signals varying with time are detected 
time-wise by an A/D converter or comparator, with an ac- 
tual physical beam scan. 

[0007] Such laser light source is not favorable for end 
users because the laser light source is expensive or dan- 
gerous in some usage. Therefore, the Japanese Patent 
Application Kokai Publication No. Hei 9-319501 discloses a 
system in which an LED is used as a light source and a PSD 
(Position Sensing Device) is used at a light receiving 
side so that operating portion is dispensed with. However, 
in the case where the PSD which forms one light receiving 
surface in the whole is used as in the above system, it is 
difficult to raise detecting resolution. 
[0008] Therefore, the applicant the same as in the 

Japanese Patent Application corresponding to the present 
application discloses in the Japanese Patent Application 
No. Hei 11-164123 (Japanese Patent Application Kokai Pub- 
lication No. 2000-353048) that a device in which a plural- 
ity of individual light receiving elements are disposed in 
one-dimensional direction, i.e., a linear image sensor, is 
used . 

[0009] In at case, light is not in a beam form, but in 

a fan-shaped film form. The light is simultaneously re- 
ceived at many light receiving elements. At a generally 
linear image sensor, an output signal of each , light re- 



ceiving element is output in time sequence to obtain its 
output signal. In this case, the output signal varying 
with time is used only for taking the output signal. 
[0010] In the Japanese Patent Application No. 2000- 

79922 filed by the applicant the same as in the Japanese 
Patent Application corresponding to the present applica- 
tion, such output signal from the linear image sensor is 
converted to the digital value by an A/D converter, and 
then the digital signal is received by an arithmetic de- 
vice so that a light incidence angle is obtained. By doing 
so, even if light edges are blurred, or light intensity at 
a background is not uniform, the light incidence angle can 
be calculated in a high precision. Further, more angular 
resolution than that obtainable from actual pixel numbers 
can be obtained by interpolating signal levels between 
pixels . 

[0011] However, for example, in the case where 3000 

pixel sensors are used as two linear image sensors dis- 
posed at right and left side respectively, and one A/D 
converter is used for sampling at a velocity of 100 times 
per second, the sampling speed at a velocity of six hun- 
dred thousand (which results from 2*3000x100) times per 
second is necessary. Further, the arithmetic device re- 
ceives the above data, and only two numbers representing 
each light incidence angle are calculated. However, a high 



speed arithmetic processing device is necessary because 
huge data are processed. Along with this high speed opera- 
tion, a high speed and mass storage memory device is also 
necessary. 

[0012] Such high speed A/D converter, arithmetic device 

and memory are all expensive. Also, recently, there are 
many demands for the miniaturization of the device. 



SUMMARY OF THE INVENTION 
[0013] An object of the present invention, therefore, 

is to overcome the problems existing in the prior art, and 
to provide an optical digitizer which does not use expen- 
sive parts, and can miniaturize the device. Timing when an 
output of a linear image sensor is varied is detected as 
time data by using not an A/D converter but a comparator. 
[0014] According to one aspect of the invention, there 
is provided a position detecting device for detecting a 
pointed position of a position pointing device having a 
light emitting means or a shadow generating means, com- 
prising: a flat board having a position detecting area 
which defines a range where the position pointing device 
can be moved by an operator on the flat board; and optical 
units disposed at least at two positions adjacent to the 
position detecting area of the flat board, and detecting 
the pointed position of the position pointing device by 



the principle of triangulation using light, each of the 
optical units comprising: a one-dimensional light receiv- 
ing element array having a plurality of light receiving 
elements; a sequential output circuit outputting sequen- 
tially an analog value of an output of the one-dimensional 
light receiving element array; a clock circuit supplying a 
timing signal to the sequential output circuit; an output 
level comparing circuit judging whether the output from 
the sequential output circuit is higher or lower than a 
predetermined voltage level , and converting the analog 
value into a digital timing signal; and a variation timing 
measuring circuit for obtaining a variation timing of the 
output level comparing circuit, the pointed position of 
the position pointing device being detected from the out- 
put of the variation timing measuring circuit of each of 
the optical units by obtaining an incident angle of light 
or shadow from the position pointing device to each of the 
optical units. 

[0015] The output level comparing circuit is provided 

so as to be sensitive to the incident light, and the out- 
put of the variation timing measuring circuit corresponds 
to the incident angle of the light, so that the position 
pointing device of a pointing device emitting system can 
be detected. 

[0016] Further, a light source means is provided adja- 



cent to each of the optical units, and the position point- 
ing device is provided with a retroref lective means for 
retroref lecting the light from the light source means, so 
that the position pointing device of a pointing device 
reflecting system can be detected. 

[0017] Still further, a light projecting frame which 

projects the light directly or indirectly is provided to a 
peripheral portion of the position detecting area, the 
position pointing device has an intercepting function for 
intercepting the light from the light projecting frame, 
the output level comparing circuit is provided so as to be 
sensitive to the incident shadow generated by the position 
pointing device, and the output of the variation timing 
measuring circuit corresponds to the incident angle of the 
shadow, so that the pointed position can be detected in a 
pointing device intercepting system. 

[0018] Moreover, a light source means is provided adja- 

cent to each of the optical units, and the light project- 
ing frame is a retroref lective frame for retroref lecting 
the light from the light source means, so that the light 
source can be a simple point light source. 
[0019] The variation timing measuring circuit is pro- 
vided to detect both a start timing and an end timing of 
the light or the shadow to be detected, so that the center 
of the light or the shadow is calculated from both the 
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timings . 

[0020] Also, the variation timing measuring circuit 
repeatedly detects the light or the shadow to be detected, 
so that a plurality of the pointed positions are calcu- 
lated. 

[0021] Furthermore, a low-pass filter circuit is pro- 

vided between the sequential output circuit of the one- 
dimensional light receiving element array and the output 
level comparing circuit, and a measuring time resolution 
of the variation timing measuring circuit is set to be 
higher than a clock period of the clock circuit supplying 
the timing signal to the sequential output circuit, so 
that the higher angle resolution than that obtainable from 
the pixel number of the one-dimensional light receiving 
element array can be obtained. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] The above and other objects, features and advan- 

tages of the present invention will be apparent from the 
following description of preferred embodiments of the in- 
vention explained with reference to the accompanying draw- 
ings, in which: 

Fig. 1 is a schematic structural view of an optical 
digitizer according to the invention; 

Fig. 2 is a perspective view of a view field pattern 



of a fan shape at a light receiving element array and lens 
according to the invention; 

Fig. 3 is a diagram showing a position pointing de- 
vice having a light emitting portion according to the in- 
vention; 

Fig. 4 is a diagram showing a structure of a pointing 
device emitting system according to the invention; 

Fig. 5 is a side sectional view of a structure of the 
pointing device emitting system according to the inven- 
tion; 

Fig. 6 is a diagram showing a detecting circuit of 
the pointing device emitting system according to the in- 
vention; 

Fig. 7 is an operational timing chart of the detect- 
ing circuit of the pointing device emitting system accord- 
ing to the invention; 

Fig. 8 is a diagram showing a position pointing de- 
vice having a reflecting portion according to the inven- 
tion; 

Fig. 9 is a structural view showing an optical unit 
of a pointing device reflecting system according to the 
invention, Fig. 9A being a plan view of the optical unit, 
Fig. 9B being a cross sectional view of the optical unit; 

Fig. 10 is an entire structural view of the pointing 
device reflecting system according to the invention; 



Fig. 11 is a side sectional view of an entire struc- 
ture of the pointing device reflecting system according to 
the invention; 

Fig. 12 is an entire structural view of a pointing 
device intercepting system according to the invention; 

Fig. 13 is a side sectional view of an entire struc- 
ture of the pointing device intercepting system according 
to the invention; 

Fig. 14 is a diagram showing a detecting circuit of 
the pointing device intercepting system according to the 
invention; 

Fig. 15 is an operational timing chart of the detect- 
ing circuit of the pointing device intercepting system 
according to the invention; 

Fig. 16 is a diagram of the detecting circuit which 
can detect a plurality of positions in the pointing device 
intercepting system according to the invention; 

Fig. 17 is an entire structural view in the case of 
detecting a plurality of positions in the pointing device 
intercepting system according to the invention; 

Fig. 18 is an operational timing chart of the detect- 
ing circuit which can detect a plurality of positions in 
the pointing device intercepting system according to the 
invention; 

Fig. 19 is a diagram of the detecting circuit having 



higher detecting resolution according to the invention; 

Fig. 20 is an operational timing chart of the detect- 
ing circuit having higher detecting resolution according 
to the invention; and 

Fig. 21 is a diagram for explaining a method of cal- 
culating pointed coordinates of the position pointing de- 
vice by the principle of triangulation. 

PREFERRED EMBODIMENTS OF THE INVENTION 
[0023] Now, a first embodiment according to the inven- 

tion is explained with reference to the drawings. Fig. 1 
is a schematic view of a structure of a position detecting 
device according to the invention. As shown in Fig. 1, a 
generally rectangular position detecting area 1 is pro- 
vided. A position pointing device 2 is moved within the 
position detecting area 1 by an operator. Two optical 
units 3 are disposed across one side of the rectangle of 
the position detecting area 1. Each of the optical units 3 
is fixed to have a view field angle which can survey the 
whole position detecting area 1. The position detecting 
device generally consists of the two optical units 3 and 
the position pointing device 2 positioned on the position 
detecting area 1. 

[0024] First, the explanation is made on a position 

pointing device emitting system which is the simplest in 

- 12 - 



structure. Fig. 2 shows that a fan-shaped view field pat- 
tern 4 is formed by combining a one-dimensional light re- 
ceiving element array 5 with a lens 6. The one-dimensional 
light receiving element array 5 is constituted by which a 
plurality of unit elements that can detect light are dis- 
posed in a line. The fan-shaped view field pattern 4 is 
formed by locating the lens or slit 6 at an appropriate 
position of a front side (which is a light receiving di- 
rection) of the one-dimensional light receiving element 
array 5. The view field or the light receiving pattern 4 
shown in the figure means an area in which, when the posi- 
tion pointing device 2 having a light emitting portion 
exists therein, an image is created at the one-dimensional 
light receiving element array 5 through the lens or slit 6 
so that the position pointing device 2 can be detected. 
[0025] An example of a pen-type position pointing de- 
vice 2 having the light emitting portion 7 is shown in 
Fig. 3. The term "pen-type" means that the device has a 
similar form of writing implements, is held by the opera- 
tor's hand in the same way as a pen, and can be used to 
input by operating with a similar feeling of writing char- 
acters or drawing pictures on a paper using a pen. The 
light emitting portion 7 is provided to a portion near to 
the pen tip. A light source such as an LED and a necessary 
power source are loaded inside the light emitting portion 



7, and the light emitting portion 7 emits light in case of 
necessity. The light emitting portion 7 is disposed at a 
portion sufficiently near to the pen tip so that the light 
emitting portion 7 is not shaded by fingers when the op- 
erator holds the position pointing device with the fin- 
gers. The position detecting area 1 in which the operator 
operates the position pointing device 2 is preferably ar- 
ranged such that a feeling of operating the position 
pointing device by the operator is made similar to that of 
writing characters on a paper so that the position detect- 
ing area 1 is actually constituted by a flat board or a 
plane surface of a screen such as a liquid crystal display 
device. The plane surface is one with which the pen tip of 
the position pointing device 2 is in contact. The view 
field 4 of the light receiving element array 5 shown in 
Fig. 2 exists in plane form extending in parallel with the 
plane surface 1 a little above the plane surface 1. From 
this meaning, the light emitting portion 7 of the position 
pointing device 2 is provided to a portion near to the pen 
tip of the position pointing device 2. 

[002 6] Fig. 4 shows an arrangement plan view of the two 

optical units 3 and the position pointing device 2. This 
figure will be a plan view when the position detecting 
area 1 is assumed to be horizontally disposed. This fig- 
ure, however, will be an elevational view when the posi- 



tion detecting area 1 is assumed to be vertically disposed 
as in a chalkboard- As shown in Fig. 4, the light emitted 
from the light emitting portion 7 of the position pointing 
device 2 is detected by the two optical units 3, and the 
incidence angle of the light is obtained so that it is 
detected where the position pointing device 2 exists on 
the position detecting area 1. 

[0027] Fig. 5 is a side sectional view of the position 

detecting device. The one-dimensional light receiving ele- 
ment array 5 and the lens 6 (or the slit) explained above 
are provided into the optical unit 3. In Fig. 5, the view 
field 4 formed by the optical system is shown in one speck 
chain line. The view field 5 extends in parallel with the 
flat board defining the position detecting area 1. The 
light emitting portion 7 of the position pointing device 2 
is positioned on the view field 4. The light emitting por- 
tion 7 may be made to emit by turning on the switch 
through the detection that the pen tip is in contact with 
the position detecting area 1. The light emitting portion 
7 may also be made to emit by the switch operated by the 
operator . 

[0028] Fig. 6 is a circuit diagram showing a central 

portion of the structure according to the invention. A 
reference clock signal generated from an oscillator (clock 
circuit) 10 is input to a timing generator 11. The timing 
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generator 11 outputs an output clock signal CK and an out- 
put start pulse ST for a linear image sensor 12. The clock 
signal is also shared with a count clock signal of a 
counter 16 and a counter 17. The output start pulse ST is 
also used as a reset signal of the counter 16, the counter 
17 and D-FFs (D-type Flip-Flop) 14, 15. An output signal 
OUT of an analog value from the linear image sensor 12 is 
converted to a digital signal at a comparator 13. In this 
case, a reference voltage is adjustable. An output C of 
the comparator 13 is input to a clock terminal of the D-FF 
14. An output D of the D-FF 14 is input to a count inhibit 
input terminal of the counter 16, and an output E of the 
D-FF 15 is input to a count inhibit input terminal of the 
counter 17. 

[0029] A variation of each signal of the circuit in 
Fig. 6 is shown in Fig. 7. In this case, it is described 
for purposes of explanation that the output of the linear 
image sensor 12 is high when bright, and the digital sig- 
nal becomes the positive logic. One time scan output ap- 
pears depending on the output start pulse ST with the 
clock signal continuously supplied. At this point, the two 
counters 16, 17 are reset, and begin the count operation. 
Then, the signal A from the linear image sensor 12 is com- 
pared with the reference level B by the comparator 13. 
When the signal A exceeds the reference level B at a tim- 



ing tl, the output C of the comparator becomes 1, and when 
the signal A falls down beyond the reference level B at a 
timing t2, the output C of the comparator returns to 0. At 
this time, as the output C is input to the input clock 
terminal of the D-FF 14, the signal D becomes 1 at the 
timing tl and the count inhibit input of the counter 16 
becomes 1, so that the counter 16 stops at the timing tl. 
Then, since the output E of the D-FF 15 becomes 1 at the 
timing t2, the counter 17 also stops at the timing t2. 
[0030] By doing so, two counter values which indicate a 

start and an end of angles of the incident light are ob- 
tained. Here, for easily calculating the center angle of 
the light incidence angle, the two counter values may be 
added together and the result is divided by 2, As the dif- 
ference in the two counter values also indicates a width 
of the shadow, it is also possible to make discrimination 
as to kinds of a finger or a pen in accordance with the 
difference in values. In this case, first, a position of 
the pointing device 2 is detected, and the width of the 
shadow needs to be compensated with the distance from the 
optical unit 3. Such adding circuit and dividing circuit 
by 2 (a shift circuit), and a subtracting circuit are also 
constituted by hardware easily. 

[0031] The signal from another optical unit 3 is simi- 

larly processed. Since each of directions of the pointing 
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device 2 from the two optical units 3 is obtained, the 
position of the pointing device 2 can be calculated from 
the two angle data. 

[0032] In this example, the structure is one in which 

the two counters are used and the counts are stopped at a 
predetermined timing. However, the structure may well be 
one in which, for example, one counter is used and two 
latches are used, and count values are latched at a prede- 
termined timing. 

[0033] Next, an embodiment of the pointing device re- 

flecting system is explained. An example in which a ret- 
roreflective material 8 is provided on a pen-type position 
pointing device 2 is shown in Fig. 8. A point different 
from the position pointing device in Fig. 3 is that the 
light emitting portion 7 in Fig. 3 is a retroref lective 
material 8 in Fig. 8. The term "retroref lection" means a 
characteristic in which the incident light from anywhere 
optically is made to return straight back to where it came 
from. As to the retroref lective material, a sheet-form 
material in which, for example, transparent beads are bur- 
ied is sold by 3M Company, etc. 

[0034] The structure of the optical unit in the case of 

the position pointing device having the retroref lective 
portion is shown in Fig. 9. Fig. 9A shows a plan view of 
the optical unit 3. A plurality of light emitting diodes 9 



are provided, and cover the fan-shaped view field of the 
one-dimensional CCD 5. Fig. 9B shows a cross sectional 
view of the optical unit 3. The light emitting diodes 9 
are positioned where the incident light to the one- 
dimensional CCD 5 is not disturbed. As explained, the 
light emitting diodes 9 are provided and are made to emit 
light to the pointing device 2. 

[0035] Fig. 10 is a plan view showing a structure of 

the position detecting device in the pointing device 
reflecting system. Points different from the structure of 
the light emitting system shown in Fig. 4 are that the 
light emitting diodes 9 are provided in the optical unit 3 
and the retroref lective portion 8, not the light emitting 
portion, is provided at the position pointing device 2. 

[0036] A side view of the structure of the pointing 

device reflecting type position detecting device is shown 
in Fig. 11. Fig. 11 is generally the same as Fig. 5. The 
structure of the signal processing circuit is also the 
same as that in Fig. 6. Since the appearance of the light 
peak is the same, the waveform of the signal which is the 
same as that in Fig. 7 can be obtained. Therefore, the 
position detection can be conducted by the same process as 
above. 

[0037] Next, an embodiment of the pointing device in- 

tercepting system is explained. The structure of the opti- 



cal unit 3 is equivalent to that of the pointing device 
reflecting system, and the light source 9 is provided in 
the optical unit 3, The structural example of the pointing 
device intercepting system is shown in Fig. 12. A retrore- 
flective frame 80 is provided at a peripheral portion of 
the position detecting area 1. As shown in Fig. 13, the 
position pointing device in this case may be a finger 20 
of human. In this case, the light from the retroref lective 
frame 80 is intercepted by the pointing device 20, so that 
the shadow is generated. Therefore, the reflection from 
the pointing device 20 to the optical unit 3 is desirably 
little. 

[0038] An example of the signal processing circuit in 
the pointing device intercepting system is shown in Fig. 
14. Fig. 15 is a timing chart of the signal in the case of 
this circuit. As contrasted with the pointing device emit- 
ting system or the pointing device reflecting device, a 
shadow portion, i.e., a valley portion of the output sig- 
nal is detected. Therefore, the clock signals to a D-FF 24 
and a D-FF 25 are inversed as compared with those in Fig. 
6. The other operations are the same as those in the 
pointing device emitting system. 

[0039] Fig. 16 shows an example of a detecting circuit 

which can also detect an incidence angle of the second 
shadow. An example in the case where there are two objects 



to be detected is shown in Fig. 17, and a timing chart of 
each signals in this case is shown in Fig. 18. The opera- 
tions until the first two D-FFs 24, 25 are the same as in 
the example in Fig. 14. A third D-FF 38 and a fourth D-FF 
3 9 are operated by the second shadow. Therefore, the inci- 
dence angle of the second shadow is obtained from the rear 
two counter values. 

[0040] This operation is conducted at the right and 
left optical uni'ts 3, and the pointed position is calcu- 
lated from the respective detected angles. In this case, 
two combinations of the calculated coordinate positions 
are generated. However, the pointed position can be deter- 
mined by adding the restrictions (the rule on the opera- 
tion) such that the fingers are arranged side by side. 
[0041] An example in which a low-pass filter circuit 69 
is installed in front of the input of the comparator 13 is 
shown in Fig. 19. The timing chart in this case is shown 
in Fig. 20. The time axis of horizontal in Fig. 20 is ex- 
panded compared with the above-explained timing chart. 
Since the output from each light receiving element 12 is 
sequentially output in synchronization with the clock ICK 
from a timing generator 51, the output of the image sensor 
12 is in a form of a stair-like waveform represented by S. 
This waveform is made to be a waveform represented by a 
signal A which is gentle variation by removing the high- 



frequency component through the low-pass filter circuit 
69. This signal becomes an analog signal pseudo- 
interpolated between variation points of the original 
stair-like waveform. This signal is input to the compara- 
tor 13, and the frequency of the counter clock CCK from 
the timing generator 51 into the counters 16, 17 which are 
stopped by the variation timing of the comparator output 
is made high, so that the angle data can be obtained with 
higher resolution than in the pixel number of the image 
sensor . 

[0042] Here, the waveform of the signal S is the com- 

plete stair-like waveform for the explanation. However, 
there is a case where the similar signal to the signal A 
is observed without installing the specific low-pass fil- 
ter circuit because of a slew rate of an output circuit of 
the image sensor or an impedance of lines. However, in 
this case, the essence is the same as the present inven- 
tion. The low-pass filter circuit 69 shown in Fig. 19 is 
the simplest structure. However, it goes without saying 
that the other structures are also usable. 

[0043] The method for calculating position coordinates 

of the position pointing device by the principle of trian- 
gulation is shown in Fig. 21. The angles ot and (3 are meas- 
ured when the position pointing device 2 is detected by 
the optical unit 3. Where a distance between the two opti- 



cal units 3 is L, the following equations (1) and (2) 
stand. 

Y = X- tana ... (l) 

Y = (L - X) -tanp ... (2) 
wherein, X and Y represent the pointed position coordi- 
nates of the position pointing device 2. 

[0044] When X is found by using the above equations (1) 
and (2), the following equation (3) stands. 

X = (L-tanP) / (tana + tanfJ) ... (3) 

[0045] When the angles a and p are detected, the 
pointed coordinates (X, Y) of the position pointing device 
2 on the position detecting surface 1 can be calculated by 
using these equations (1) and (3) . 

[0046] The above explanation is the method for trans- 

forming into the X-Y coordinate system the angle data when 
the position pointing device 2 is viewed from each optical 
unit 3. Generally, the arithmetic device is provided in 
the position detecting device, so that the coordinate 
transformation is intended to be conducted. However, such 
a simple coordinate transformation can also be calculated 
in a host computer connected to the position detecting 
device. In the case where the computer has an arithmetic 
device as in the majority of the recent personal computer 
which can conduct a high-speed floating-point calculation, 
the process becomes extremely simple by processing at the 
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computer. As explained in the present specification, when 
the angle data can be obtained only by the hardware, the 
coordinate transformation process is conducted at the per- 
sonal computer as a host device without providing the 
arithmetic device to the position detecting device, so 
that the whole cost performance may be improved. There- 
fore, in the present specification, the arithmetic device 
for the process of the coordinate transformation is not 
particularly explained as a part of the position detecting 
device . 

[0047] As has been described in the foregoing, accord- 
ing to the invention, the pointed position can be obtained 
only by a simple hardware without a high-speed A/D con- 
verter or a high-speed arithmetic circuit, or a mass stor- 
age memory device . 

[0048] The pointed position can also be obtained with 

higher resolution only by installing a simple low-pass 
filter circuit. 

[004 9] While the invention has been described in its 
preferred embodiments, it is to be understood that the 
words which have been used are words of description rather 
than limitation and that changes within the purview of the 
appended claims may be made without departing from the 
true scope of the invention as defined by the claims. 



